(Moving Coordinate Systems) 

(Translational Motion of Coordinate Systems) 

oL^il _— ^ Luli r^frj',zj <l*i«u -Uai^ jj^j ^-^ <£^. ^j^ Ljlc 
<> ^ Jt Lil Vl .<^Uu ji £l£ l+ii ^jlsb ozj 0J3 oXjjL^ <*jlaii frj',z} 
jIju jiS; .i^j^Lc jjU-o 4-*>kit i^uullL ^~^ j-~*>* C*^ A~^ oVLJI 

C^\jl ^jVimm J 1 qU.m Jc fuuiA <£>* CHJ^J cA^ 1 t^ ^ V 5 '^ 1 
^il^ll liA <Ui ^ tfjll W <S^ j^G >A L Sjlk* JfLiu <£L* iJU^ 

d^U\t <^oilL <£>x2* oxj'Z ^uSI^I jjU-* i*jki* IL.J J 'J' lAj 1 ^ 
a... .M l, P^^^ ^1 ^^ ji Ji s ^Li .(1-7) Jlill ^ L^ < OXFZ £,15 jjU- 

(1-7) R = r + R 

^t .x^-tij 4i.lill jjU^ll i^oilL j^-^JI j-^^o 4^io (jJc. rjRJj: du^ 
.iulill 3 • ■ --■I I- ^j^ill oLula^VI lx*- £-A>- <^> R L-4^ 'vP-P 11 
jiak. ,^^.11 jjU JI (translational motion) U\3Zl\ <X>=JI Lij^itl Ijj 

:Jc J.nV.i «c£>» (l-7)jLSLiL C*i»jliill ^i f— aJI £j^J ^>" "^ 
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(2-7) 
(3-7) 



V = v+V n 



a = a + a 



o 




(1-7) JLA1I 



</l . tulS <*^ ^ <£^ii| i^tUi ^ u, ^ (3 . 7) ^^ ^ ^^ 



:JjSj jijit a =0 



(4-7) 



a = a 



.<S>=aU ^U^JJ <Ji£iyi <SyJI <JU ^ J^ ^^ |^ 

(Inertial Forces) <LJ I U^ f ( ^ j£] 12-7 
: u' </^' cHje a>»^ 6-* fJ*5 



(5-7) 



(6-7) 



F r = ma 



ly = ma + ma 

ly- ma = ma 
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i (3-7) .> a ^ 



t>» rt cJ^d**-" 



J' 



j^ ^1 ^^ <F r =ma=ma j] Ji £rji*jkJJ ^k Uj^ . ^ jPj^ o>»U ^^ ^^i^i 

.iLlill io^JiloJJ ijuuAlL 42jIj <-CjjLiU <K^xltl <Ujlaill d^^H {j I « T '>J ^1 <^ n = 

.(invarient) ZjjjLUi j^ c^U 5 uj La^ J>fc 

(7-7) 



(8-7) "F'^IV-mao 

. (Inertial Force) 3_J LLc 
J ,,.^Vl <^j-^ 5-i-uljj jlc (5-7) <JjUII ^j^i nil... LM ^J| *M^iJI j^ee 
^^luu <c >AjVl o'jj j 6^ ^=^^1 <JLkxll 6jUI jLj^-I <-^ <^1 <u^J^ <xj-ulJL 

(Rotational Motion of Coordinate Systems) 

dtj fl ...11 ^jljbj <«l»tllil LuoAIL 4<j^~ tl jjKnll -LLa ixaljjjJI 4j£^JI ^Hjdlfl 

^1 xju jj^ iialc < (2-7) J^xiJI <^i LoS <l nfl <At< ^^Jt jliuJalo Lifjlj^o ^jl 

:J\ (j] Jd^lj j O^c fxM*> 

(9-7) R = r 
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(11-7) 



K I | \ 



t- xi+ jj+2k 



(i,j,k)Liu OXYZ tLlill iplj^VI jjUil Je. s^jll - i J ? -. (IJ,K)iu 
.(2-7) Jl^JI ^ LS.oxj'.? SjljJI j^Uil iojkio ^ Sj^jJI oL^l 

Z 




(2-7) J££ll 
i j Ljjft (ll-7)j (10-7X_.^iu fjRo^ c& olfcLdl J*. J j. — » ji^ 

i.R=X(i.I)+y(l.J)+Z(l.K) 



i»r = x 



'• uJ^f ^^ u 1 ^ 



JC=X(i.I)+y(i.J) + Z(i.K) 



liJIill oU^Ull jaJ !t^ j J 4....-.1 I. ?.u.| l sjLL 
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(12-7) 



x=X(i.I)+F(i.J) + Z(i.K) 

}'=X(j.I)+nj-J) + Z(j-K) 

z=X(k.I)+F(k.J)+Z(k.K) 



:,j1 iL^UI ^r°\- Aaj i^jjjjIJI ^c <K*j Jaj I -j UjJC (11-7) J (10-7)y 



(13-7) 



X=jc(I»i)+;(I-j)+2<I.k) 

y=jO-i)+j<J.j)+z(J.k) 

Z = *(K • i) + j<K • j) + z(K • k) 



<L$ljJI (cosine)±Lz < T n > <£JI. . . <(i«K) ji (ij)jl (iJ) ^jjaJI vj ^JI Jl^ 
:<_i&i (k.K) j (j.J) j (i.I) ^> J£ <JU ^ •C^ IaJlI o^jl^^O^ Sj ^.^U 



(14-7) 



i»I = cosa 
j-J=cos/? 

i«K = cosy 



j^Uw-aJJ (direction cosines) <u^ill ^Lu yj^. J jfi j(% LJjt>ll ^j^- 



.iLUll <julu11L X j^it 1 

Vjl J ^fl . <CL»Gll jjLaJll <-cjialA ^.fl Jjjs^-o c-J^Iji <LljuujJL <G£.j-juul» <t£j^*U,i 

:(9-7) <i^UJI jlyJMiL tullll jjU JI 4 n.nIL <Gcj^ 



(15-7) 



„ dR dX T dY T dZ„ 

V = — = — 1 + — J+ — K = D F R 

dt dt dt dt 



(Fixed) iL.1111 jjl^oll a .,„ - ilL jjUlLlLI <J.«x ^ dR/dt=D ,R>jll J-u d« 

<CLcj_lu Lalj , f <LajUiU[ (lll'i ^i Jj-a.j-o *_»3 l^jJL 4 i mi'iIL A -y"d I j-»-*J J X« - » <^l) 

:(10-7) 4&UJI jliliL U .)?•;« (Moving) K^lil jjU-olJ iu^L 
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(16-7) 



v = r=.xi+ jj+ifc=D M r 



J_j d^ 



•^>^ 1 ju>L^ wJL jlsiil iiLc Jxl d m t = t>J 1 J*^ 

«* at dt dt dt 

<*>^l jjl^il ^ oxj^l 6j^.j <^ jJu J^ ^k ^lo di/dty*J\ J^ c^ 

.iLuJI j^UJU io>tu-o ^ j^^.j-0 ^5ljl it^ujJL 



(17-7) 



XT , (A cR dk x 

V = v+(x— + y—+z— ) 

<# dt dt 



.(3-7) JUJI ^i L£ <L j^^ J^x 




(3-7)JL£ll 
:oj£± <A(/+A/=a(/)+Aa JUJL frAfikaJlj A(0 JlxiJL f at^m ^ ALLi^ 
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M = A(f + Af)-A(f) 

: 1 (3-7) JLiJI > Ji^j 

A4 = Usin0)(6)A/) 

:4loj 

— = Ao) sin 9 

At 



(18-7) — = coxA 

a/ 



! Axco 



*U;L u *Jj oxA 6UJL >a AA 6U3I J (3-7) J^JI u- jF 1 ^ 
,rfk/rf/ j cT)/dtj di/dt ,> ^-^j .(17-7) <5>UJI Jl o^l 4>^ 



V = v+o)x(^i+jj+2k) 

(19_7) V = v+(OXr 

:J<LiJL (19-7) ^ dial < V=£> f r j\=D M rj Lu 
(20-7) V = J D f r = D M r + coxr 

:<55UJL D (differential operator) jULiVI jj> ^e^I (20-7) ^ jV.,,,,-. 
(21-7) D f ^D M +wx 



JL5 



U . iojlilo ^ L, -LjJLa 3' ,t, n C& <2W -J^V -A* 11 ,iA <> jUl ^ 

:S^iLo (21-7) ,> v^ii «U^ JJ^ ^^ tf* 
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d 2 r 

( D M + cox)( D M + G)x)r = D 2 m t + a) x ( D M t) + co x (w x r ) + D M (to x r ) 

= ^r+2«x(£ M r) + tox(«xr) + (£ w to)xr 



v=A l/ r 



tsjljll ^jUuUI^j Sj^HI iu^kull ^jl, r „ ? ll ^L^, ir-^u ajv^ 
:(22-7) 455LJI ja^ .iullU l^JL J&^i ^uji s^h.l 

(23-7) a = a+2(oxv+ux((oxr)+d)xr 

o-^i a^j^ Llwj j^l SjGji ^ljj L.jbi. i^ i* i:i 

cMAHtfciWj JjLa^l 4-a^JLU <^ljjjj J SS^JJ 5-7 

<*^j ,> ^ilSIl ^ u^U t^JI ^IL ^Ul fc^i 5 ^, 6iA ^ ^j. 

.i^jll li» ^i J^^u ^^ ^k <a^k, Uiit ,Qm fcul5 j^L^ c.^kil 
^ ^ o^jlj <*>«* ■•»*• ^b>> J^A" ^>^ <vkui ol <U-1I o^J& 
&* Cxjfc <> v^ ^ «t«lill jjULI c^kl. la^ Jc is .L-.. Uj^ 
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(24-7) F r = ma 

:ja^ (23-7) <> a ^^ 



(25-7) ly = w(a + 2o)Xv + wx(wxr) + (bxr) 



(26-7) F r -[2mcoxv+mtox(coxr)+m(bxr] 



:.»! 



ma 



^ ^^ v^siji i^ r^Ji J- ^ ^^ 5 ^' ^ " F " Jj: ^ 

:^ ^ M > -^ Ook") ^^ ^'^' ^ Uil ^^ 

f ... ? t i ^k sji,$JLl iJxill i^jUJI c^ 1 ^ L ^^° sf* J V 1 
<*>*** ^j(Coriolis Force^jtjjZ Xji H •^ Jl lla ^ * -2mo)Xv' 2 
.(v=0 oK IJ! c^') Sj'^I ^^ S d >^ V r^ 11 ^ '^ '^ 
(centrifugal forceX}^ ji) ijjLkJIi^iJI ^11 >i* ^x. _ wtDX (wxr)" 3 
J.U <5^1I ojUJJ i^ ^ 4**- ^ -rt^ 4 '^ ^^ Sj5 ^^ 
^k & >^ ij* ^ ol M^- 1 ^ ^ r^ 11 ^j-J. ^^ •** ^ ^' 

:j,1 (4-7) J1AII <> ^^ : ! 'M 1 •> '"^ ^" f~**" 

|o)xr|=6)rsin0 

(27-7) |o)x((oxr)|=£() 2 rsin0 

1^1 ^ ^ <~, c^ 1 ^J^ 1 ^^ t-^' wx(Bxr)^ 1 ^ 

- -II 3- <l 1 L^> • nS^UI r^^ *ii> -((4-7) JlAJI jJiil) 

6j a11 -u^su^j -tyi^ _ m ejx(toxr) -^^ cr~~ r ^ v 
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u 



(Transverse Force) (JLijaiUI jl) i^i^JU^iil jaJI IJU L _ a ^ J „,, w 4 

*■■* ** /7ZCU X i 



<C^^ <£^iLI iajJaUl Ojlj I J I ^L-cJI ^jLu^j .LjJ it^uJI Jc LjjuiC l^V 



cox(coxr) ) ^xf 



(4-7) JfLiJ! 



1-7 J1*0 

<^JL> fliulS ic^^u U^ <> OlLla fcljW^J jLi JL <i^ ^^s L*i^ 
^1^1 <^JL <i*iil JL s^jll ^111 jj^ (1) .l d Up ft ^J <q"^j fcl^ku^ 
Jc <ioUI I ^UfiM, JiJI <iLJJ ,u ( v ) .I4JL0 jjjjj (!) WjL^il Jc ^U. 

^ U£ <<LX\ j^a LL J^ox l^i jJkL £^1« ^U* ^u^ J U^ : J-J| 

.(5-7) JLiJI 

r = #i = yd 
v= ji= d 



a = w = 



VjI L^ 
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- - X 



(5-7) JLAII 

F r = wg + N + F r 
Uaj (ISj^I c^l^oj) til^^VI Jc Li*** NJ*iJI Jj^mg o^ll <aJL o^ 

mg + N = 



F r <liN = jimg 



: _» ^uJj^ j£ lj* Jc*Z Uiu 



F cor = -2mco x v = -2mG)yj 



F=-w(OX(o)Xf) = -mfi) ^i 



:6Jjiyi SjSl'j 



: r^ J\ _. ?: ^ fcljkuajJ ^t.n'ilL 5Ij15 <tja^ j^ iLill oi L<u 



ma = F cor + F c + F r = 
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0' & 



F r = ma) 2 xi+2mo)ij 






i> = /zmg =-y(mco x) +(2ma)v) 

1_ 

ai 1 



a x=^fi 2 g 2 -4o) 2 v 1 



Lf^^^^y^L^L^Vl^j^ 6-7 

:JlJJL (26-7) J^ j^ua^JI <Sj^. <IjLu> iS&\h -^^j <£.j^xu Ujj^o 

ma = Iy -[2mcox v+ mcox((oxr) + mcbxr] 
^r^» 'v^j 1 " l^ 'cko^ <^^L» ^ mi^M j-x-i>x>j <^j^j ^jL^ f jVj ao^ 

<ftUll ^u^s lil cut^jV f jj^ j^Vl ui>]l <> ^VJ j^ll.oi ii^Mi 

• J<,?.! 1 > <5jLuJI 

(28-7) ma = F r -[2mo)Xv+mo)x(a)xr)] 

:^JJI ^k (28-7) <5^UJI j;^^ jSjic t mg<G^j pUil^L 
(29-7) ma = mg - mco x (co x r ) 
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ma = mg e 

(30-7) g e = g-wx((oxr) 

g ^ (effective gravitational acceleration) JUiJI <f^>jVl ^J^ 1 t- 5 ^ ^' <*' 

,£j=JL g e =g ojLJ &j _qo:I<; ^1j <(30-7) 
^oJI <t> «.«->ll J^SLiJI J^ ^al^l j^ g ft > cA>Vl OU^ J^ r 4 ' ^ 
<^1L jj^ll ■_,...^, -Wu ^jVl ^ > jUI g 6L~I ^ .g e »U2l <&*i 

^ COX(wxr)^ 1 $ ' Vl ,JjtiJ ^ ^ jVl ^ ^ ^ mg ^ °' ^^ 

uA» 0^- tf' ^ (iA>*' > c*^ 1 d* 1 - 11 ^ > a ^ JI t^ ^' ^ 

4-*^ jljjl o^) pl>L-V' "^ <> L ^-> :Lil LaK t^ 1 °^ C*^ ^->^' 
■_.U«I I jit LoL^ <jjl>^ C^" ^^ (<JLl* u^°e'- -^' J - 1 "" 1 ** -CDX(O)Xr) 

.g ^ ^UiL 1^ _ wx(o)Xr ) ^1 a^ l*£ ^ "e^ 1 " liA 
^> ,_il$ll JLjSLill .LL. <uU2l jj^: (local vertical) IJ LAS JjILiJIg^ ^jj 

.I^Ll j^ j lU_.^H j^Lu, ^.jc ,> j^QJJ 6 Lull JLac o o-Vimm j-iij Ja=-j 
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-ntax((axr) 




(6-7) JSLA1I 

<(ki* oUjoiiK) Lii ^Vl <ojLJI j^ol j^U ^ K^ ^ajj 
M>ki« ^^Uii luij Vl jck^ Jc j^^ ^ i^uUL -cS^ oVjUx ..X-.Ij 

0»5Lill- ^ biku JtSU Ji^Vl ,> oz<^ L^ <i3jjil jj v>] | ^ oy^ 

.(7-7) J£jJI ^i ^1^. ^ L£ <cy Lai 





(7-7) JiLill 
:U^ l^^ ] L£ xz^Jl ^i ^ w0 | (7.7) j^j, ^ ^^ 
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(31-7) 



• \ ^tfl 



[ co x = -co sin 
[ 0) z = 0)cosO 

. (colatitude) o^^ -^ ^j'j ^ 

:J<LuiJL v jf > J^ lix& IjU 

v = jti+ jj+irk 
ozj oyj axjjUll ^L (29-7) <bUll o^ LL& j£<u ZSxl. 



(32-7) 



#= 2G)(cos0)j> 

j- 2fi)[(cos0)Jc+(sinfl)z 

z=-g + 2o)(sinO)y 



. (29-7) ^ jj^JI <^ j-* iijUiL UjJL^to 2 ^ iijUJI jj^JI liL^i o^ 

(Focault Pendelum) cJj&ja Jj^» 9 - 7 

Iq.m^ J<p> ^jVI jIj^j ^k o^^ 11 ^^ J^ <> cJj^ji Jjjii j^u 

<i^. i Jja.j-a v^'>* ^*Ui ^ ^ <£>aJI oVjL»-a UjI^j <(8-7) J^iJI ^ 

:(26-7)'<> Ltajl jxliil 



(33-7) 



(34-7) 



ma = ly - 2mw x v 
ly = mg + T 

ma = mg e + T - 2ma) x v 
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: Jl (33-7) Jb£i 



(31-7) 



[ co x = -co sin 6 

\ Q) Z = (DCOSO 

. (colatitude) ^^Jl J^ Ljl^ d*. 
r-xi+yj+zk 
• t ? ^ ozj 0}^ ojjjUil Jc (29-7) iljUil o^ <^L£ u^ ZSxc 



(32-7) 



x = 2a>(cos0)j 

j- 2(o[(co$0)x+ (sin 0)ir 

z = -g + 2C(Xsin0)j/ 



. (29-7) J jj^JI i^ £-* fcjlilL U>^to 2 Jc ijjUJI jjj^JI UL^i 

(Focault Pendelum) cJ^ji Jj^ 9 " 7 

Ip,,,^ J^ ^jVl jIjjj Jc o 1 ^^ 11 iELo ^ 1 J^ *> °b^ J^^ >^ 

<i^ i 4>^>° v^Lh* L*Lh L<^ ^ <£j-^JI oVjU-o LLjISj <(8-7) J£-*iJI J 

:(26-7)\> li.to.jl ^ il 



(33-7) 



(34-7) 



ma = Iy -2mcoxv 

ly = mg + T 

ma = mg e + T-2mo)Xv 
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: Jl (33-7) Jb3ii 



Ua a j vol L^ ,g g Jlliii j. jL-JI <>^ 



■mcox(o)xr) 



J-aJI llikjl 



, Lita ^jlLil <ijil 4i,,,,,,\]b m<J^JI fjL-Jj 4c 



■j** 




(8-7) JSLill 

^' <*' 'co = 0° : ^ ^ ^ -t^ilii :Vj1 <UL£ <i>u JjaIJI <^j^ ^jjj 
(34-7) ojL-Jj k^i <S^u o,L^.Jli* oil* U ,l«^ii J^ ^V ^jVl 

JjXuii '^ Ijli <k^u <ejl^Ul 4^^ dl^JL L^ Jj^ 4JJU1 ilil^o 

JjaiJI oi Ji^t &u < w?t0 o1 ^1 >j^V c*~ c^jVl j,Ijjj Jik L.ji* Li 
<4^ ^1 LA;i _ 2ot(BXv u-1«j^ ^ J, i=Si xJUIj o^JI ^ ^.A^.V 
jliji v^ lj^ IcjL^i -uL-Stf ^ L, /Ljj vj^l <c^ jt L J>at 

f ^i^ j^ .^ ^ o^/^i^i ^u* i.jti. l ^ LU A\ \j^ j^ ^jm 
4^-ilL \+±j^j Vjiiill 4i>J <^UL mii&JI 4cj^ qu .k^L^i] (19-7) <5jl*JI 
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U* a j yj\ L£ <g g Jliiii j. jUuUl 



u « "~> 



■fflwx(wxr) 



j-=JI llikjl 



, UJa ^uiil 4i_>Aj < lM ,,,ML m<lSUI fjLuJj 4c 



■j^> 




(8-7) JSLill 

^' <*' 'CO = 0°^ ^ ^ -t^lii :Vj1 juijS 4i>u JjaIJI 45^ ^jx, 

(34-7) ojL-Jj k^i <S^u ^JLi oils' u ,1^ j^ ^v ^Vl 

JjXuii 'is, Ijli <k^u 4^,1^1 4^ J^JL L^ J^ 4JjUI ililio 

JjalJI oi Ji^fc &u « w ^ ot c^l .jUlcV' C*~ c^jVI j,ljjJ Jik l-jic LI 
<^U ^1 LA.I _ 2ot(BXv o-Uu^ S^iJ J, Jaii x^lj o^JI ^ ^.A^.V 
j^ji vjc Lj^ IcjL^i -uL-Stf ^ L, /Ljj vjp^l 4c^ Jc Lj^cc 
j±Zi Ijj .(LJsUI ijjiljl SjaJI ^i LS)I^ WJ « j^V .Ui ^j^JI 6 U3l o- 
^jii JUL ,j2ol3l^uVI ^i_ Jc ^ J>A c 6LiL j^jll jj^ ^ V6U3I 

<^ L ^j£>* Jjji, oljl^Ul- ^jl^o Lj ^ ^|| ijjI^JI ^^1 , , |,„.J 
f ^l^ jSj^ ,<^ ^ O^/^l^l ^U* i^tl. ^^jl^JLl Ij^, ^ ^JjU 

V-UL Llc^j Vjiiill 4i>J iuJL m<J^JI 4cj^ ^ ^j^J (19-7) <3fol*ll 
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. dt' , 
v = r = — = wxr 

dt 

•J 
(35-7) v=v'+u'xr 

. ju-vaH 4 mnlL Jjjldl CjIjIjIaI (^jjuuu-o (j^jj^ ^JJLh' <£.j^ul'&) O-p. 

:(23-7) > ^Sii .o^// 



(36-7) a = a / -hG)'x(co / xr)+2G)'xv 

ma = mg e + T - 2mco x v 

ma' = ma - mco 7 x (co' xr)- 2ma) x v 7 
ma 7 = mg e -f- T - 2mco x v - mo) / x (g) 7 x r ) - 2mco x v 7 






•ul & 



(37-7) ma'= mg e + T-2mG)x(v 7 + co 7 xr)- mo) / x(co , xr)- 2mco 7 x v 7 

Ax(BxC) = B(A.C)-C(A.B) 

0) x (g) 7 x r) = (o'((o • r ) - r(o) • co 7 ) 

j 

co 7 x (co' x r ) = g) 7 (g) 7 • r) - r(co / • G) 7 ) 
^ Sjj^jJJ jjj^JI J$. fj\ (8-7) JSLiJIj (37-7) j^j c^^L*^l £jyU a* £^l^ 
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^Vl jaJI lj^L> jjsJi oIjI^iaI ^L^ ^ jjc (37-7) <> o~tl ^JJl 

- * ^ • ^ • J-^ CH" _2 m ( C0 + ( I ) , )XV 

: u l£ Ijj \'SJ> jxIj 



k«(co + to') = 



CO'^tolc 



U U (31-7) ...m^jj 



(38-7) (o = -to sin 0i+ tocos 0k 

toCOS0 + to' = O 

■•Ji <J\ 
(39-7) to' = -tocos6> 

: -^ °Jj ax^j^l jc l^LSj- ikij (33-7) <JjUI -i .~-.-- i. 

(4°-7) mx=T x + 2ma)ycos0 

j 
(41 — 7) my=T Y -2ma)xcos6 
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:J\ (8-7) JS-ill > ^* 

7^=-(rsina)cos0 



r y =-(7 t sina)sin0 



mg - Tcosa ~ T 
sin a = p / / 
sin0= jr/p 



:0I L^ 



J 

cos(j> = y/p 

iJ^L (41-7) j (40-7) jl^WJ je-2 IjI 

(42-7) x = -(g/l)x+2G)'y 

j 

(43-7) >=-(g//)j>-2fi)'* 

: lit i oj <ii >j^ 

(44-7) g)'-gkos0 

j^jS 6li.U JjL=^ ia>lail hl«nl Ijl ilj^uaJ C» fi<h l '"^ C^L*J>I J^ c£^ 

:((9-7) J^JI 
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(45-7) 
(46-7) 



x = xf cos co't + y sin co 't 



y = - x? sin co't + / cos co't 




ij^.^uill C iL^(j L**^ (43-7) j (42-7) ^i c^JjUII c^U ^^cl 

(47-7) Cx' + ^-x')cosco't + (y + ^-y')smco't^O 

/ / 

:aj£j J\ v 4 ^; ts' <ks J j*"^ LjLa* cosco'tj sinco't Jliol 



(48-7) 3^ + 1^ = 

/ 



(49-7) 



y+ly=0 



**>- * j>>e <i1 Vl- ^/^Jtl ^i cut j^su ^ jjb (41-7)j (40-7) CfrUjUl 
<il <i>JI ^ ^31^1 iuuiUL. JjalJI jU, jiu IjJ j.-^H ii^iJ ^JUo'^jlj 



(50-7) 



27T 2;r 



to' CO COS 6 
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In In 



(51-7) (o = 

Z 24 



rJjjjiJI oljl^lAl jintn j\jjJ <^J^ JJJ ^J 



(52-7) T = -^- = ^-h 

&> COS COS 6 
LiU. <^lj]j J^ Jb^V fr 1 *^ Sj-xLL* <*^k> cK*J^' o'jl** SjJhLlu* jlxu 

jli j-xUL .jc^ilj JixXu aUJiVI 11a jjju k^Li (olcL*. lie} <LjL Sjlal y^ >t 
^ L^i <**£" j^e) v-0 11 Ha J^Uw ojIj ^Ul ^ ^jVl J AW*-* ^ <J 
<l^u Uj^u^ ^iii <iLUL ajjj^s jIoj cu^ y£>*j Je^ Jb^e jjo?"* v^ 



u 



(Larmor Theorem) j^-ajV <L ^Jtauj 10-7 

.CD=-#B/2m Ljlj ^ ^jUI ijjS^ll Sjill 3^^ JL^ jjj: jjU-o SLjki* 

:< J l£& UL^ v-u&j <j j^ifil t l oLjulu^JI J~J\ jsIju ijjkall 6JJh o^^ 

(53-7) . m2L = V c +T int +^VxB 

<*-* ^^ juL*-* <-*>kiI <juuiilL pjMi ^11 ^jLlu^j Ixlj^u ^k. ajV Jj] >.. ^ 
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gvxB Lol .<lo ^j-SJL oLjiii^tl <jJL j>^.j 4^ f\\ ^juaaJI IIa I4J • .^^. *J| 

i^j^i iLlall j^U-ail <^lu11L w <ej'j <£.jjuuj j^jS OXJ/Zj^l^a iojlill JUlWL 

V = v + coxr 

J 

a = a + cox(coxr)+2coxv 

:j^j <l^L-alj (53-7) ^ Vj a c>Aj^lL 
(54-7) ma = F c +F^ - mcox((oxr)+g(G)xr)xB + vx(gB+ 2mco) 

(55-7) (o = — i-B 

2m 

:JSLi)L (54-7)«jaJI <bU* ojLJ 

(56-7) wa = F c + F <w - m(-^-) 2 xBx(Bxr) 

2m , . ■ 

Bx(Bxr) o^JI JUaI jiuie, jS-V (Lk.1 . 8*»i— m 0> tff) U*— B j,L^ Ijli 

:,jJI jjjic. KjaJI <bbu> J[j}ll <£>kVl JjJaJI j_o iijUlL 

(57-7) «a = F c +F« 

Jj^.j-« jaT. ^. .. jU'iil .l JUJtl ji£j (>."'■;> II <S>aJI <JjLu> Sjja.Vl ifcLJI JlaS 

.j*WI Jc 
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2-7 JlaO 

jljloL .45° If^jt -^ <Akl^ ^i 1^ llajLuu 100 m £l£Sjl ,> f— a> Jai^ 

ji*£j lA;^ ^^ J^ 1 ^-* ^^ i^uJL f—^ 11 **>* ^ jU ^ V^ '-J* 11 

: (27-7) O-o ^* 'W*-* 



(1) 



ma= mg e -2mcoxv 



:((32-7) oVjUil jiol]) ^ oz 3 oyjOXCjAjfr J* (1) <JjWI oLS^ i^V 



(2) 



x=2co(cos9)y 

y= -2co[(cosd)x+ (sin 0)z] 

z=-g-2co(sm0)y 



(first Integrals) <JJ1 1 o^lill > <i*^ ( 1) 

:daJi SdaJj Sj-o (2) t> C^b^l CryJjW J^lii 

x= 2G)(cos0) < y+c l 

j/ = -2<y[(cos0)x+(sin0)z]+c 2 



* = V = j z= h 

y o ^ o 



jf= y- z=0 



C=2(fi)C0Sfl)j.j C^O 



jc= 2<y(cos0)j; 



:jU iiSljIiVI -J^jJJI « t imi^j 



iUl& 



:a3^ ^ 



•ul tf« 
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y = -2Q)[(cos6)x+(sm6)z]+2G)(smO)h 
U^LJft)^ LjL^JI jjj^JI JLoJhlj (2) {y> iilLiJI iljLJJ ^k y^j^L 



z = -g 



z = -gt 



<ioj 



(3) 



(4) 



(5) 



2r = -Ig/ 2 + /z 
:(0) JLoJhl jju) j^J (2) ^ y <1jU* ^ z o^^^jlL 
y= 2co(sm0) gt 

:jaJ ^JjJI JojjjIi <Ja^Loj £rUj-o *Jf^' <ljl*ll <iol^-qj 

y=^cog(smO)t 5 

co L ^ <jjLJ\ jjj^JI LIUaV Ljj ^=0 ^i J^}U:x;<]jLu> ^i y^jjCL 
:^& (2-0) ^jVl Jl j^^JI Jj^j jk. : ^Vl 



V 8 



<m 2 



:j^j J/<IjLju» ^ t i j^jjxh 



(6) 



2 J 2/ * • a 



.x=z=Q J\ US 

.LjE 1.5crft <JLJI 
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(perturbation method) Ji^ilJ I <JL,>JL (._<) 

j^jj-t «r (f) jjb (O)=0) ^jVl jIjjj f.jc <1U ^ (1) <JjUil J^ u' u^j 1 ^ 

(7) r(O = f (O+fi(O 

. 6t) *-o <_n ii IxLo jjJLuO r r j -v < <*T\ tAt ) £ 



(8) *o(') = -8e=-& k 

(9) r (t) = -g e tk 

j 

(10) r (O = -|g^ 2 k+r(0) 

:(a=r h*.Aj Lui l^V) j^J (1) ^ (8) o%^ 

(10) r (O = 4g/k+r(0) 

HLdbl ciljljco j-a ^—Lij r^l Lk^Vj G) 2 ^k iijLJI jjj^JI LLaI cu^ 

:,XaJ (32-7) J-o SjliluuVL .^llo (QXTi 

f 1 (O=26)(sin0)g e j| 
(12) T 1 U) = \a>(smO)g e t 5 i 
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l^M 1 III ft 

jj^j, ^ J-u.^ ,jiilj3 Ji^ yi£ <kL s*. ojIc ^d^jj m <Ji£ i^iji 1-7 
j- J_pjl2 juU^o iajkil L^ilL mSp. <JjIju. y^MLu-jWjjji .-■ !•... -I I 

jjL^ Ju>kil ^oilL w = 2i-3j+5k<ej | j <*>"v oxyzjjL^ Ju>ki. ^ 2-7 

*? r=sin/i-cos?j+e~'k _, S^a^il s^U-.n i 

<H)<k^JJI ^i i^Jii. JU <^jl 2-7<lLJU ^ j^Sjll ,^1 tj L^L 3-7 

^L^ ia^kil <^iiL co = 5i-4j-10k<ej , j <^>-^ oxyZjjU- i^ki* ^ 4-7 

<a—UL (3,1,-2) g.u^ll ^i t j^ 1 — f**«* <*>- -^ .Ml'o-ii L3J OXFZiLG 

.tSLJI i^JiUI ^i j^.^ ^1^. ^^ ls jjs^HI iujhUI 

m(0 2 Rsin6 ^Ji\ ^ Jc m<]£ Jc SjSjll SjjLUI s^sil JLuS Jl ^ 5-7 

(Qtyt c54>«c J^iu ,ji»jVI jJsjjj ^ oiaj S^ill aIa aU^I j,1 
45°L^^ .kk Ukia ^i ^jSU wilL Skm/h^.^^ 2 km <L^_>t _^i ^^ 6-7 
J^J\ ii^JI <> ^i j^Sl« ^j-uJI <i_~kJI 0" 6^^ JIqm.II ^J\ ^ 
u' v^e ^ f *L* ^ Sj5>ll ^>ill 4h^ n ji Ii^V:6^L^).2.9 cm jlxLu 

.o^^xJI LL ^ s^i rn<i& J\ ^ jU <<juj>Jil iujUl ^jL^i g 

j\a!a J\ JJt^ .^i^ljlJ <x:^uua0 ^^ Jai jit ^Vl j^J ^m, ? cJlL 8-7 
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.^Vl >s ^L^i i?iu- .a>' 2 =m 2 (g-<D 2 R sin 2 0) 2 +(« 2 £ sin0 cos0) 2 : ^> 

:<JtUI SJbUL j^*: ,yLLJI JljiLillj ^LJI JbSLill c^ *yljll J ^^ 11-7 

fi = taif W* sin0 cos6)/(g-(0 2 R sin 2 0) 

.^^ji j^ jiVi £-a JLjij j-^ *l^ ^'j^ 1 ^>^ ^ ^ 12 " 7 

j,1 ' — I ,»; J=(v o sma/g)-(2a)v o 2 smO since cosa/g 2 )-.^ {co 2 ^. lyLJI 
.j=(y 2 sin 2 a/2g)-(26>y o 2 sin0 sin 2 a cosa/g 2 ):^ 2AJS1I <JI J^ t^J 1 i^ 5 ' 
L, (i) ''j--- jUaS <^. ■ "•-•; m <at& fp/umb line) J>iLi %k ji*.. 13-7 
Jc dpi jll^l u 1 ^ 'J| c^- 1 J^ 51 ^ 1 •> ^b^b J^^ 11 %^ ,/ ^ 

a^.-j . <iljku,l J* b*J** ui^ ^Ij jU— ^icj-cu. <l»i .Ja-jS 14-7 

^ jjSl jjU^ 4-*^ 3_^ulL iLJI <£^ a— (1).W iylj ^J—f JJ^ 

j^cl S^LLil ^i <i>G jjL" <-jtil V"^ 3J-UI £jL"S L W- ^b^—V 1 

.V=-b0) j V=b(0 :£ryf#l ,^ylLJI 

v ^yi Jilj miJ^JI <c^uj g-A^ a* (1).0 6^>. <> 6<iL— J^3 <^ «> 



•; = (l/w)ln[fl+V^ 2 -^ 2 )] 
: (y-b) JjlLi ji^ ,j aw- ^ |J ^ ^ ^ ^ ^^ l6 " 7 



j^^V <i1 Lipi- l+il^l t—j JL^ <2naa)/^(0 4 -g 2l >j*> ^j'^ 1 J^A 1 
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. co = Jg/a L°^ <!LaJI u^^ • ^^ cilKi^l 
J[>=w <kp^ Jc Af«i££ £& r 6^kS eiu^ ejVjj ^> v-iJ>o ^jl^jj^ j^jj 17-7 
<u-uxlJL L2j£j Ljj Ljui j>=m 11a JL* du^j CO =6 <— *jlj <_cj^uj *jj^ * 

OZJjJaij Oj^j ^jVI ^tKm.I <\ mi'iILj iul5 jjL^-o Lo^klo J^-cl -cK>jVl rJbuuJ 

f>JI oLi^ ^ . oz^a Ljl^ LuLua ^y^jiuJll J (0 ^jSU Ljl^JI Ll^I 

L^ Jc dm i^uc <fc£ cA 5 j^' c^jj* SjS <> g^l o Lull Jj^ dN 

Ji o^j-^ <~^ ( *iA ^ ^Vm.i I '.(r,0) 4 jiUill oL^la-^VL Sjj^JlIj ^VjJI 

.N=6; o sina)/2j ^ VJ ^j^l J*. ^j^ Sjil Jill f >il 

ji c^i^j SjLll* co 5jjIj <^^uoj ozj^ jjj: jjU-o <^kio LjVi.nft ^,,,^11 

uA* (1) uj^ 1 c> U^a <Lo ijjljj /^ JiL jix^o JL ft! ,„ ? jt^L 19-7 

^45 ^21/gsma j* ^— i ( j>^ J' J~^ pj". ? H Ij+I ^1 ^^Jl J 
ff-oJI J L^ji^ jLlcVI ca^ ^jVl jljjj ik ( v ) ^jVi'^ljjj JUaL 



IjjLJI jjxtJI.JUaL ^]2l/gsma + [2^/sin0cosa]/3g : Jl l^Lu^- <1UJI 

S w> *ill <lja-aj jlc y^-" jl JL>^ ^jMi%H eJlj^JI 
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(12-7)Jlill (ll-7)J5Lill (10-7)J1^JI 

W <Ul£ ,j«iLaJL. yj ,A« <liU? Jl^u ^ ^> tf-^l <> V^l 3^ 21 ' 7 

J>~ v^V> JJ^ L-^ ^'> V oVjL ~ ^' (11 " 7) ^^ ** "^ </<d ^ J 

ltf ii1 xy^JJ ol ^A* 22 " 7 m " 11 J* 22 ' 7 

y..... ^ jjj, ^^i-« v ^l J^la JKl^l u^ J 1 ^ ™ <^ ^ ^ jl 23 - 7 

.(12-7) JSL±J1 ^ L^ <(x> %±& <ej'j <^^^i Jji*^ 

(4l-7)j (40-7) ^jU^II tiij ^/^-J- 1 y* d ->^ f^^ ^^^ 6 ' ^-^ 24 " 7 
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